The sequences that appeared multiple times were removed and the most similar ones were 1 3 6 kept. The remaining proteins were verified for the presence of the typical bZIP domain by 1 3 7 using CD-search (http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) with an E-value 1 3 8 threshold of 0.01. After removing the proteins that do not contain bZIP domain, the remaining 1 3 9 sequences were considered as UvbZIPs candidates for the further analyses. To obtain information regarding the intron and exon structures, the positional information 1 4 2 of the CDS sequences and the corresponding genomic sequences were loaded into the gene 1 4 3 structure display server (GSDS) 2.0 (http://gsds.cbi.pku.edu.cn/index.php) (Hu et al. 2015) . 1 4 4
The status of introns and exons were annotated according to the database. The bZIP domains 1 4 5 in each protein were recalculated and given coordinates in CDS sequences, and the 1 4 6 corresponding genomic sequences were featured in the gene structure in order to analyze the 1 4 7 intron positions and phase within the basic and hinge regions of the bZIP domains. The bZIP domain contains a basic region and a leucine-zipper region, and the basic region 2 1 1 of bZIP domain is highly conserved with a N-x7-R/K motif, in which the last amino acid is 2 1 2 Arginine (R) or Lysine (K) (Jakoby et al. 2002) . To investigate the characteristics of the 2 1 3
UvbZIP domains, the amino acid sequences were aligned. UvbZIP2 showed less conservation 2 1 4 than other UvbZIPs. UvbZIP22 had the basic region, but without the leucine-zipper region. In 2 1 5 contrast, UvbZIP24 contained the leucine-zipper region without the basic region. Outside of 2 1 6 these exceptions, all of the UvbZIP domains contained the invariant N-x7-R motif, but not the 2 1 7 N-x7-K motif, indicating that Arg was more conserved than Lys in the UvbZIP proteins. For 2 1 8 the Leu zipper, the first heptad repeat Leu was highly conserved, and in three of them, the Leu 2 1 9 was replaced by Met, Ile or Ala. In the other two heptad repeats, variants were frequently 2 2 0 observed ( Fig. 1) . bZIP proteins also contain some regions, e.g., domains enriched in Pro, Gln 2 2 1 or acidic amino acids. Similarly, the UvbZIP proteins also showed this feature. For example, 2 2 2 the UvbZIP2 contained consecutive Pro or Gln region, while the UvbZIP8 protein, from 2 2 3 residues 218 to 252, more than 70.0% of this region was Pro or Gln. The intron/exon arrangement generally carried the imprint of the evolution of some gene 2 2 6 families (Boudet et al. 2001) . To gain insights into the structural evolution of the UvbZIPs, the 2 2 7 intron distribution in UVbZIPs was subjected to alignment analysis using the Gene Structure 2 2 8 Display Server (GSDS), and different intron distribution patterns were observed. As shown in 2 2 9
Fig. 2, all UvbZIPs contained introns except for the UvbZIP20 which contained multiple 2 3 0 repeat sequences. The number of introns ranged from 1 to 4, which varied within the UvbZIP 2 3 1 family. The UvbZIPs were classified into five classes depending on their intron number from 2 3 2 none to four introns per gene. The most abundant class was single-intron UvbZIPs (50.00 %; 2 3 3 14), followed by two introns (32.14 %; 9), four introns (10.71 %; 3), three introns (7.14 %; 2) 2 3 4 and intronless (3.57%; 1). The length of introns was from 24 to 603 base pairs (bp), and more 2 3 5 than half of the introns were between 60 and 150 bp. All introns characteristically contained 2 3 6 the start dinucleotide sequence GT and ended with AG except UvbZIP9. 2 3 7
The intron positions and phases were diverse and differed from each other. For one gene,D r a f t between codons (phase 0). For other genes containing introns, introns were located within 2 4 0 codons (phase 1 and 2), but nine of these genes also had phase 0 introns (Fig. 2) . The intron 2 4 1 patterns within the basic and the hinge region are very important for their functional evolution 2 4 2 due to different status of exon splicing in these regions. Therefore, the pattern of intron 2 4 3 positions within the basic, hinge and leucine coding sequences regions were analyzed. The 2 4 4 results showed that nine UvbZIPs contained introns in these regions. All of the introns were 2 4 5 inserted in the N-x7-R motif coding regions, and could be divided into five groups according 2 4 6 to the position of the introns (Fig. 3) . 2 4 7
Phylogenetic analysis of UvbZIP proteins 2 4 8
To explore the evolution of the UvbZIP genes and relationships with the other fungal bZIPs, 2 4 9 the bZIP proteins from other two fungi, M. oryzae and M. robertsii, were performed and 2 5 0 comparing. Together with 25 from M. oryzae and 31 from M. robertsii, a total 84 bZIP 2 5 1 proteins were analyzed and a phylogenetic tree was constructed. All bZIPs were divided into 2 5 2 eight clades, and designated as A to H. The UvbZIPs distributed to all the clades except clade 2 5 3 C which was the minimum and only contained two bZIPs from M. oryzae and M. robertsii, 2 5 4 respectively. None of the bZIPs from M. oryzae were contained in clade G, indicating that 2 5 5 bZIPs from U. virens have closer relationships with the bZIPs from M. robertsii than that 2 5 6 from M. oryzae, which is accord with the current understanding of fungal evolutionary 2 5 7
history.There were six clades had bZIPs from M. oryzae, M. robertsii and U. virens which 2 5 8 indicating that the evolution of these bZIP genes were conservative between the three fungi. Evolutionary analysis also identified some closely related orthologous bZIPs in three fungi, 2 6 0 such as clade C or G etc, indicating that ancestral set of bZIP genes existed prior to the 2 6 1 divergence of the three fungi. expression of UvbZIP genes at 3 and 6 DPI ( Table S2 ). The results indicated that more fungal 2 6 7 genes were involved in the infection at 6 DPI. According to the gene expression profiles, the 2 6 8
UvbZIP genes can be divided into three groups. Group I exhibited the high expression levels 2 6 9 at two time points, e.g., UvbZIP5, UvbZIP6, UvbZIP12, UvbZIP14, and UvbZIP18. These 2 7 0
UvbZIP genes might play critical roles at both early and later infection stage. Group II genes 2 7 1 exhibited low expression level or no expression at 3 DPI, but higher transcription level at 6 2 Certain bZIP proteins contained other domains in addition to the bZIP domain, which was 3 1 3 common in plant species (Li et al. 2015a; Nijhawan et al. 2008) . For fungi, few bZIP proteins 3 1 4 have been described (Ye et al. 2013) . In addition to the bZIP domain, UvbZIP8 contained Aft1 3 1 5 HRA, Aft1 OSM and Aft1 HRR domains, similar to the Aft1 protein in Schizosaccharomyces 3 1 6 pombe. In S. pombe, Atf1 can form a heterodimer with Pcr1 that also contains a bZIP domain 3 1 7
and regulates sexual development, numerous stress responses, and activate meiotic 3 1 8 recombination (Gao et al. 2008; Takeda et al. 1995) . Atf1 has a modular organization in which 3 1 9 distinct regions differentially affect the osmotic stress response (OSA) and meiotic 3 2 0 recombination (HRA, HRR). The HRA and HRR regions are necessary and sufficient to 3 2 1 activate and repress recombination, respectively (Gao et al. 2008) . Thus UvbZIP8 may play a 3 2 2 similar role to regulate development and stress tolerance in U. virens. UvbZIP11 was 3 2 3 predicted to contain a PAP1 domain. In S. pombe, the Pap1 protein is a transcription factor acidic amino acids also were observed. These special regions probably act as transactivation 3 3 7 domains to regulate the expression of downstream genes (Liao et al. 2008; Vettore et al. 1998 ; 3 3 8
Wei et al. 2012). 3 3 9
In eukaryotes, introns might also play important roles to regulate gene expression, since 3 4 0 more introns ordinarily mean more complex regulation, which may involve complex 3 4 1 biological processes (Callis et al. 1987) . In some plant species, up to 10 introns were found in 3 4 2 bZIP genes (Hu et al. 2016; Liu et al. 2014; Liu and Chu 2015) . Gene structure analysis 3 4 3 showed that the number of introns of UvbZIPs was varied. Nearly half of UvbZIP genes 3 4 4 contain two introns and maximum number of introns were four, which was less than plantD r a f t species. Previous research showed that the rate of intron loss is faster than intron gain after 3 4 6 segmental duplication (Nuruzzaman et al. 2010) . Thus, some introns may be lost in UvbZIPs 3 4 7 compare to plant species. In plant species such as rice, maize and Arabidopsis, the patterns of 3 4 8 those motifs exhibited regular conservation and diversity (Nijhawan et al. 2008; Wei et al. 3 4 9 2012). The bZIP domains of nine genes were inserted by introns and all of that were in the fungi could shed light on their functions. Compared with other fungi, seven UvbZIPs were 3 6 0 specific in U. virens, suggesting that these genes perform some functions in processes that are 3 6 1 different from other fungi. There were three conserved UvbZIPs, and these might play core 3 6 2 functions across other fungi. UvbZIP5 is the ortholog of MobZIP12 which is essential for 3 6 3 conidial morphology in M. oryzae (Tang et al. 2015) . Combining the domain analysis and 3 6 4 sequence alignment results, UvbZIP11 is probably the ortholog of Yap1 in other fungi, which 3 6 5 mediates the oxidative stress response and is required for pathogenicity in M. oryzae (Guo et 3 6 6 al. 2011). The ortholog of the UvbZIP13, MoMeab in M. oryzae, is involved in the regulation 3 6 7 of vegetative growth (Tang et al. 2015) . These conserved genes probably derived from an 3 6 8 ancestral gene that underwent numerous modifications during the evolution, including 3 6 9 horizontal gene transfer and subsequent functional diversification. Furthermore, we also 3 7 0 observed that the ortholog of some UvbZIPs were present or absent in other fungi according. Some specific bZIPs identified in U. virens might perform functions related to the special 3 7 2 biological processes. Some bZIP genes in the plant pathogen M. oryzae are required for infection, and they show 3 7 4 high expression levels at the infection stage (Guo et al. 2010; Tang et al. 2015) . Gene 3 7 5 expression profiling indicated that 17 UvbZIPs showed high transcriptional levels at 3 DPI or 3 7 6 6 DPI, indicating that these genes are involved in the pathogen infection process. Also the 3 7 7
UvbZIPs that did not show high expression levels, may be involved in other biological 3 7 8 processes other than infection. Oxidative burst is a fundamental defense response to avoid pathogen invasion. There are U. virens has a distinct mechanism of infection, hence showing a different response to 3 8 7 oxidative stress. These results suggested that UvbZIP genes may play important roles in plant 3 8 8 ROS stress tolerance, which is consistent with previous studies that some bZIP genes in plant 3 8 9 pathogens are involved in peroxide stress (Gamboa-Melendez et al. 2013; Guo et al. 2010) . The bZIP transcription factors have been shown to play crucial roles in development, 3 9 2 physiological processes, metabolism and stress responses in the plant and fungal kingdoms. In 3 9 3 this study, we identified a comprehensive set of 28 bZIP TF family members in the U. virens 3 9 4 genome, which expanded the list from previous studies. We found 17 UvbZIP genes involved 3 9 5 in infection and eight were involved oxidative stress. In brief, our genome wide systematic 3 9 6 characterization and expressional analysis of UvbZIPs has provided insights for the molecular 3 9 7 functions of these genes in U. virens and reference for other plant pathogenic fungi. The next 3 9 8 step is to functional studies by knocking out genes. 
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